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BE3bI3BBITOYHBIE KOHOPUT'YPALIUN AHTEHH

HA IBYMEPHOMU AITEPTYPE UHTEP®EPOMETPA,

JIAIOIIIME IMMOJHOE IOKPBITUE IIEHTPAJIbHBIX OBJACTEM
B INIOCKOCTH ITPOCTPAHCTBEHHbBIX YACTOT

IIpeonazaemcs pe2ynapuwiil Memoo nocmpoeHust 6e3b130bIMOYHOU MHO20INEMEHMHOU KOHPU2YpaYyUU aHMEHH Ha 08YMePHOU
peuwiemke. Dmom mMemoo 0CHOBAH HA UCNOTb308AHUU NOCIE008AMENbHOCIEN CNEYUATLHO20 MUNA — NIAHAPHBIX PASHOCIHbIX
muooicecma. C ux NOMOWbIO CIMPOUMCS MAMeMamu4eckas Mooeisb paouounmepgepomempa, 06echeuusaouje2o noIHoe HOKpbl-
mue YeHmpanbHOU 001ACMU 8 NIOCKOCIMU NPOCMPAHCMEEHHbIX Yacmom. IIpusedensi yooesiemeopsiowue 3momy yciosuio be3vi3-

ObIMOUHble KOHDUYPAYUU C HUCTIOM INEMEHIO8 NIL0Mb 00 38.

Kniouesvie crosa: nHTEpHEpOMETpHI, 6€3bI30BITOUHBIE KOH(HUTYPALNH, INITAHAPHOE PA3HOCTHOE MHOXKECTBO, (U, V) -TIIOCKOCTD

1. BBenenue

B paanoactpoHOMHUM U1l OJIyYEHUS] BBICOKOTO pa3-
PELICHNUS UCTIONB3YIOTCS PAAMOMHTEP(EPOMETPBI, 3J1e-
MEHTHI KOTOPHIX 00pa3ytoT Oe3bI30BITOYHYI0 KOH(DU-
rypanuto (BK) [1]. IIpu 3amanHOM 4mcie 3IEMEHTOB,
UHTEPPEPOMETP TAKOTO THIA HO3BOJISIET HU3MEPSThH
MaKCHUMaJbHOE YHCIIO MPOCTPAHCTBEHHBIX YacTOT,
a TaKXke HCIOJIB30BaTh METO/bI, UCKIoYatomue ha-
30Bble (DIIyKTyauuH, BbI3BaHHbIE HEOIHOPOIHOCTHIO
cpensl [2]. XKenarenbHO MpHU 3TOM Pa3MECTUTh 3Je-
MeHThl BK TakuM 00pa3om, 4ToObI 0OECTIeUnTh KOM-
MaKTHOE (110 BO3MOKHOCTH, TOJHOE) TOKPBITHE LICHT-
pajbHOI 00nacTy HanOOJIBILIErO pa3Mepa B INIOCKOCTH
MPOCTPAHCTBEHHBIX 4acToT ((u, V) -1iockocTH) [3].

[Ipu pazpaboTke MaremMaTnyeckKod MOJENH MHO-
TrO’JIEMEHTHOTO MHTepdepoMeTpa TaKOTO THUIIA
¢ IBYMEPHOM anepTypoi clieyeT YYUThIBATh TO 00-
CTOSITETILCTBO, YTO C BO3pacTaHHEM YHCIa dJIeMEH-
TOB (COMPOBOXKIAIOUTUMCS HEOOXOAMMOCTBIO YBe-
JWYEHHS pa3Mepa anepTyphl) pe3Ko BO3pacTaer
00beM BBIUUCICHUH. J{7Is1 TpeoIoIeHns 3TOTO 3aT-
pynHenus B [4] ObIT MPEsIONKEH UTEPATUBHBIN Me-
TOJI MOMCKa onTuMaiibHOM BK »ieMeHTOB.
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B 10 xe Bpems s pemieHusi 3TOH MpoOIeMbl
BITOJTHE MTOAXOIUT METOJI, OCHOBAHHBIHM Ha MUCIIONB30-
BaHUH CIIEUATIBbHBIX KOMOMHATOPHBIX KOHCTPYKIMH —
IJTaHAPHBIX Pa3HOCTHBIX MHOXkeCTB [5]. C momornisio
ATHUX MHOXXECTB B [6] pemianack 3amada morucka bK
¢ OOJIBIIMM YHCIIOM 3JIEMEHTOB Ha MPSAMOYTOIBHBIX
pemeTkax. 31ech MBI HCIOJB3yeM TaKHWe MHO-
’)kecTBa Juisl HaxoxaeHus: bK Ha KBagpaTHbIX U npsi-
MOYTOJIBHBIX pelleTKaxX (Ha3bIBAEMBIX TaKKE KBal-
paramu u npsimoyronbHukamu ['omomba [7]), obec-
MIEYMBAIOIINX MOJHOE MOKPHITHE LEHTPAIBHBIX 00-
nmacreit B (¢, V) -IIJIOCKOCTH.

2. IlnaHapHble pa3HOCTHbIE MHOXKECTBA

[TnanapHoe pazHocTHOE MHOKecTBO ([IPM) ¢ mapa-
metpamu (V, k) mpencrasnsier coboil 11e0unCIIeH-
HYIO k-3IEMEHTHYIO TIOCJICAOBATEIbHOCTh

0<d <d,<..<d,, (D)

Ppa3MeleHHy 0 Ha INHEWHOH pelieTKe JTHHOM, He 00ITh-
e, yem V, u XapaKTepu3yIoIEenCcs: TEM CBOMCTBOM,
9TO KaXkmoe 1enoe yrcio W, 0 < <V, MoxeT ObITh
€IMHCTBEHHBIM 00pa30M MPEICTABICHO B BUIE
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w=d,—d ;modV,

T. €. W=d;—d;, wmu U=V-(d,-d;), i>].
[TockonbKy m106ast pa3HOCTE MEX Ty d7eMeHTaMu (1)
BCTpedaeTcs He Oojiee ueM OJUH pa3, 3Ta MOCIEeN0-
BaATEILHOCTEL SIBIISIETCS O€3BI30BITOYHOIA.

B xagecTBe mpumepa paccMOTpPUM IOCIEI0Ba-
TEIBHOCTh

{d}=1{0,1,6,8,18}. )

Ot0 IIPM c napamerpamu k=5, V =21. HerpynHo
BUJETH, uTo 10 uncen, MeHbINX yncia 21, MOTyT OBITH
MIPEICTABIICHBI B BUJIC PA3HOCTEH MEXTY DJIEMCHTAMH
nocienoBarensHOCTH (2), a eme 10 — kak 21 muHYC
OJTHA U3 TaKUX PA3HOCTEH, M TaKoe IMPE/ICTABICHUE
SIBIISIETCS. B KQKIOM CITydae €IUHCTBEHHBIM.

I[IPM cymecTBytoT npu Bcex k=g+1, tae g —
MPOCTOE YKCIO WM CTEMEHb MPOCTOro uucia [5];
TakuM 00pa3oM, OHU CYIIECTBYIOT NPH

k=3,4,5,6,8,9,10,12,14, .... 3)

Baxxusim cBoiictBoM ITPM, kak 1 11000ro LUKIIK-
YEeCKOro pa3HOCTHOro MHoOxecTBa (PM), sBisercs
TO, YTO MPH IUKINYECKOM cIBUTe (10 MOAyIto V)
BCEX €ro 13JIEMEHTOB WU NPU UX yMHOXEHHU
Ha YHUCII0, B3AUMHO-IPOCTOE C V (¥ B3SATUH 11O MOJTY-
mo V) mbel cHoBa mony4yuMm [IPM ¢ Temu ke ma-
pametpamu [5]. Takum oOpazom, umes oguo ITPM,
MBI MOYEM TOJYyYUTh LEJbI aHCAMOJb TaKUX
MHOKECTB (Ha3bIBAEMbIX SKBUBAICHTHBIMH) U BbIO-
parh HaWTydIllee U3 HUX, COTIIACHO 33JJAHHOMY KpPH-
TEPUIO, IIPU PEIICHIH KOHKPETHOM ONTUMHU3AIIHOHHON
3a/1a4H.

IIPM ¢ k <100 npuBeneHbl B TAOIHUIIC [IUKINYECC-
kux (V, k, A)-PM (9acTHbIM ciiydaeM KOTOPBIX IPH
A =1 onu seisrores) B [5]. Tabmunsl [IPM ayis 3Ha-
YeHWUH k BIUIOTH 10 k =150 mMeroTcs Takxke B [8].

3. Meton noucka ontuMajbHoii BK
HA KBAJPATHOM pelieTke

Hamr moaxoz k perennto 3aia4u COCTOUT B TOM, YTO
skBuBasicHTHbIE [IPM u3 aHcamOiisi, mpeacTaBieH-
ueie B Buze (1), mpeobpasytorcs B bK Ha xBagpat-
HOM pelieTKe ¢ MOMOIIBIO OIlepaluy CBEPTHIBAHUS,
MIPEICTAaBIIIONIEH OO0 TTpoIeaypy, 00paTHYIO CKa-
HUPOBaHUIO KBaApaTHOH perierku. [Ipumep 3ol ome-
panyu npuBezeH Ha puc. 1, rae muneiinas bK (2) cep-
THIBAETCSI HA PELIETKY pa3sMeEpoOM 5X35; mpH 3TOM
yuacTok oT 0 10 3 mepexoAnT B EPBYIO CTPOKY KBaJI-
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Puc. 1. Tlpumep cBeptThiBanus auHeiiHOM BK Ha kBanmpart:
a —bK Ha nununy; 6 — BK, nonydenHas Ha kBajpaTe

para, y4acTok oT 4 70 7 — BO BTOpPYIO CTPOKY U T. [I.
31ech BaXKHO TO, YTO pa3HOCTH (0a3bl) MEXKIy dJe-
MeHTamu bK Ha nuHUUM nepexoasT B pa3jIMYHbIC
0a30BbIC paccTOsSHUS Ha KBajpare. B camom xerne,
ecnu ObI Kakas-TO Mapa 3THUX pa3sHOCTEH Iepemiia
B OJITHAKOBbIE 0a3bl HA KBapaTe, TO PU CKaHUPOBA-
HUM PEUIeTKH 3TH 0a3bl Mepennin Obl B ONWHAKOBBIE
Pa3HOCTH Ha JIMHHUH, YTO IPOTUBOPEUHUT YCIOBHIO.

Takum 00pa3oM, Mbl H30aBIIEMCsI OT HEOOXOH-
MOCTH ITPOBEPKH Ha 0€3bI130BITOYHOCTD KOHPUTYpa-
LIMH, MOTy9aeMbIX Ha KBaJpare, YTO CYIIECTBEHHO
9KOHOMHT BPEM$ BBIYHUCIICHHA.

Wrak, u3 ogroro [IPM ™Mbl momydaem aHcamOIhb
SKBUBAJICHTHBIX TOCIIEIOBATEIBHOCTEN U 110 OUepen
CBEpThIBaEM HMX Ha KBAJIPAaTHYIO PEIIETKY TaKOTO pa3-
Mepa, 4TOOBI BCE IIEMEHTHI IMOCIEA0BaTEIhHOCTH
ymectuimchk Ha Heil. OnHa u3 bK Ha kBagpare, moimy-
YCHHAS TAKUM ITyTEM, BMECTE C TIOKPBITHEM €10 (U, V) -
TUTOCKOCTH, TIPMBE/ICHA Ha pHC. 2 (TIOKa3aHa JINIIH YacTh
peleTKy, Ha KOTOPOW pa3MecTHIIHCh neMeHTs bK).

0O0603Ha9MM IIEHTPAIbHYIO 00JIaCTh pa3Mepa nXn
B (u, v) -tutockoctu uepe3 A(n) (ee ompernerncHue
BHJTHO W3 pHUC. 2., TIe BblneneHa oonactb A(5)).

O6mee uncno touek (6a3) B A(n) paBHO
N =2n(n—1). Msl Oynem uckarb bK, mokpsiBaro-
e Bce N TOYeK B 3TOM 003aCTH.

3ametuM, uTo paszbpoc anementoB bK mo Bcei
pelieTke He NIacT YAOBIETBOPUTEIHLHOTO PEIICHUS
Hamed 3agaun. Tonsko Te BK, Bce aneMeHThl KOTO-
PBIX CKOHIICHTPHPOBAHBI B HEKOTOPOM BHYTPEHHEM
YYaCTKE PEIIETKH, MOTYT paCCMaTPUBAThCS KaK Tep-
CIEKTHBHBIE B 3TOM ILIaHEe, IPUYEM Ye€M MEHBIIIE STOT
y4acToOK, TeM OoJiee TUIOTHBIM OKa3bIBaeTCS MOKPBI-
THE IEHTPaJIbHOM obmacTul (u, V) -IJIOCKOCTH.

[IpuBenem npuMep UCIOIB30BAHUS MTPEIIaraeMo-
ro metoga. Bo3spMeMm nuknuyeckoe PM ¢ napamer-
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Puc. 2. Tlpumep BK Ha npsmoyroibHO# pemietke (¢) U HOKPBITHS €10 (u, v) -TockocTu (6). A(n) — ueHTpanbHas 4acTh
(u, v) -TIIIOCKOCTH — BBIZIENIeHA (311€Ch 71 = 5, 00J1aCTh ITOKPHITA HE ITOITHOCTHIO)

pamu V' =307, k=18, A =1 u3Tabmuiml B [5] (110-
ckonbKy A =1, sto — [IPM):

{0,1,3, 30,37, 50, 55, 76, 98,117,129, 133, 157,
(4)

AmncamOIb TocTIeI0BaTeNbHOCTEMN, SKBUBAJICHTHBIX (4),
MOTy4aeM METOJIOM, OIIICAHHBIM B IPEBIAYIIIEM pa3-
nene. B Hamew ciydae V — npocToe 4uciio, No3ToMy
JUTSL TIOJYYESHHSI TIOJTHOTO aHCaMOJsl TOJDKHBI OBITh
MPOU3BEICHBI CIABIKKU MOCIEI0BATEIHHOCTU (4)

189, 199, 222, 293, 299}.

k=18 n=
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Ha Bce yncna oT 1 1o V' —1 u ee yMHOXKEHHE Ha BCe
yhucna ot 2 no V —1. Jlanee, ogHy 3a apyroi cBep-
TBIBaEM TOCIIEJIOBATEILHOCTH aHCaMOIIs Ha pelieT-
Ky pasMmepoM /X[, rne ! cienyer B3sTb OMM3KHM K
k =18 (uO He OombIle), U IPOBEPSAEM IOTyIECHHBIE
BK nHa momHOTY MOKphITHS 00mactu A(n) npu n > 5.
B pesynbrare HaxoIuM TOCIEI0BaTEIbHOCTh, KOTO-
pas, Oyay4u cBEpHYTa Ha PEmEeTKy pa3MepoM
1616, naet 18-anmementHylo BK, pasmemennyo
Ha €€ BHYTPEHHEM y4acTKe pasmepom 15x12 unosn-
HOCTBIO TIOKpBIBaROIyI0 001acTh A(5) (cM. puc. 3).
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Puc. 3. Cnesa — naiinennsie BK pu k =18 u 24, cipaBa — mokpbiTie UMH (U, V) -TIIOCKOCTH (BBIJEIEHbI TOJHOCTHIO TOKPHITHIE

obnactu A(5) u A(6))
178
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MOJIHOCTHIO MOKpBIBaomue obnactu A(n) mpu
n=5+8. Ot bK pa3melieHsl Ha BHyTPEHHUX KBaJI-

pPaTHBIX JINOO MPAMOYTONBHBIX yYacTKaX pPEHIeTKH

4. YncneHHbie pe3yabTaThl

C IIOMOIIBIO OIMMCAHHOI'O BBIIIE METOHa OBLIM 00-

cuntanbl aHncam6au ITPM ¢ 4umciaoM 37€MEHTOB k,

pasmepos [ x[,. Xapaxrepuctuku stux BK mepe-

mmenstonumcs oT 18 mo 38, u3 psaga (3). [Iposo-

YHCIIeHBI B Ta0J. 1, a caMu OHH, BMECTE C X TIOKPBI-
THeM (U, V) -TNIOCKOCTH, IPUBEACHBI Ha pUC. 3-5.

mics nouck bK, obecrieunBaromumx moaHoe moKpbI-

THe obnacteir A(n) mpu n =5 (NI MEHBIINUX 3HA-

ObLTa perreHa B [9] TOMCKOBBIM

MeTooM). Bo Bcex paccMOTpeHHBIX HAMU CIydasx
HaWIydlIne pe3ybTaThl ObUIM MOTYyUYeHBI IPH CBEp-

YeHHUH 1 3Ta 3agada

Tabnuya 1. XapakrepucTuku HaiineHHbIX BK

38
36x36
8

24 28
25%23
7

19%x19
6

18
15%12
5

L, ><ly
n

TBIBAHUU k-3JIEMEHTHBIX HOCHeHOBaTeHLHOCTCﬁ, npen-

crapmnsrommx codoit [IPM, Ha KBajpaTHBIE pEelIETKH

BK,

WIeHBI

k—2). B utore 0buIH Ha

C JUIMHAMH CTOPOHBI /, OJM3KUMU K k (OOBIYHO TIpU
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Puc. 4. Haiinennas 28-anementHas BK (BBepxy) u mokpeitue €t (u, v) -INIOCKOCTH (BHU3Y); oOnacTh A(7) mOKphITa MoJI-

HOCTBIO

Oe e e 00
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Puc. 5. Haiinennas 38-anementHas BK (BBepxy) u
HOCTBIO

3amMeTuM, 4TO, Kak BuUAHO u3 puc. 3-5, bK
¢ k=18, 24 u 28 NOIHOCTHIO MOKPHIBAIOT MPSIMOY-
TOJbHBIE 00JACTH HECKOJIBKO OOJBIIEro pasMepa,
9eM COOTBETCTBYIomUE obnactu A(n). BumHo Tak-
e, 9TO TOYTH MOJTHOE MOKPHITHE (KOT/Ia MOKPHIBa-
IOTCSl BCE TOYKH, KpOME OAHOI) obOecneunBaercs
stumu BK u1st Gonbmmx meHTpalbHBIX 00nacTeit
B (u, v) -mmockoctu. Tak, n300pakeHHbIE HA pHC. 2
18- 1 24-3nemenTtHbie BK MOYTH OTHOCTHIO MOKPHI-
BarOT obmactu: mepsast — A(6), a Bropas — A(7).
Takum 00pa3oM, HE3HAYUTENHHO OCNadMsAs Tpebo-

180

“evense

HOKpBITHE €10 (i, V) -IIIOCKOCTH (BHH3Y); obnactb A(8) mOKpbITa Moi-

BAaHUC K INIOTHOCTH IMOKPBLITHUA HeHTpaHBHOﬁ obuac-
TH B (U, V) -TNIOCKOCTH, MOYKHO JTOCTHYb KOMITaKT-
HOTO MTOKPBITHS 001aCTH OOJIBIIIET0 pa3Mepa NP TOM
e YHCIIe 3JIEMEHTOB.

5. 3axkmouenue

IIpennoxeHHbld METOT I€JIa€T BO3MOXKHBIM IPOC-
TBHIM TyTeM IMoJiy4aTh Ooubinoi ancam6mas BK ¢
OIMHAKOBBIM YHUCJIOM DJIEMEHTOB M BEIOUPATH Ty
13 HUX, KOTOpas 00eCMEeYUT MOIIHOE TMOKPHITHE B
(u, v) -IIOCKOCTH IIEHTPaIbHOU 00acTu OoJbIe-
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ro pasmepa. XOTsl UCIOJIb30BAaHUE 3TOTO METOHa
HE TapaHTHpPYyeT HMOKPBITHE 00JACTH MaKCHMallb-
HOTO pa3Mepa, OH TeM HEe MeHee OKa3bIBAETCs 10C-
TaTOYHO 3((EKTUBHBIM MPH OOJBIIOM YHUCIIE dIie-
MeHTOB BK n yBenudenuu pasmepa anepTypbl UH-
TepdepomeTpa.
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BE3HAJIJIMIIKOBI KOH®ITYPALIIT AHTEH

HA JIBOMIPHII ATIEPTYPI IHTEP®EPOMETPA,
1O JAKOTB [TIOBHE INTOKPUTTA HEHTPAJIBHUX
OBJIACTEH V TUIOIIMHI [TPOCTOPOBUX YACTOT

3arnporroHOBaHO PETYISIPHAN METO/ ITOOYI0BH O€3HAITHIIIKOBOT
OararoeneMeHTHOI KOH(Irypallii aHTeH Ha JBOMIpHIi penmiTii.
Lleii MeTOn TPYHTYETHCS HA BUKOPUCTAHHI MOCIiIOBHOCTEH
CIEIATTEHOTO TUITY — IIAHAPHUX PI3HUIIEBAX MHOXXHH. 32 iX 10m0-
MOTO0 Oyy€eThCsl MaTeMaTH4YHa MOJIETIb paiioiHTepdepomeTpa,
110 3a0e311e4ye MOBHE TIOKPHUTTS IIEHTPAIBHOT 00JIACT] y TUIOIINHI
IIPOCTOPOBHX YacTOT. HaBomsIThest Oe3HaWINIIIKOBI KOHQIryparii,
KOTPI 33/I0BOJIBHSIIOTH ITF0 YMOBY, 3 KUIBKICTIO €JIEMEHTIB & 710 38.

L. E. Kopilovich

A. Usikov Institute of Radio Physics and Electronics,
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NON-REDUNDANT ANTENNA CONFIGURATIONS
ON A 2-D INTERFEROMETER APERTURE
COMPLETELY COVERING CENTRAL DOMAINS
IN THE FREQUENCY SPACE

A regular method for building a non-redundant multi-element
2-D array configuration is suggested. The method is based on
using sequences of a special type — planar difference sets. Here, it
is applied for constructing a mathematical model of a radio interfe-
rometer that ensures the complete coverage of the central domain in
the frequency space. The non-redundant configurations satisfying
this condition, with the numbers of elements up to 38, are presented.
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